Introduction
(current, former, never), among well-annotated and carefully followed RP patients, with multiple, currently recognized measures of CaP-specific outcomes and overall mortality.
Materials and Methods

Description of participants
After approval from the RPCI IRB, information was abstracted from the medical records of 1981 patients who had undergone RP at RPCI between 1993 and 2014. The annotating data included clinical stage and Gleason score, RP date, pathologic stage and Gleason score, surgical margin and lymph node status, serum PSA values, the date and type of CaP treatments before or after RP, and smoking history. Table 1 summarizes prognostic factors considered in this analysis. Pathology information (tumor stage, Gleason score, margin status) was determined by RPCI genitourinary pathologists. Patients were staged according to 2002 TNM guidelines. Patients were followed until 2014, using patient, outside urologist, Roswell Park registry, and primary care practitioner correspondence to track outcomes and overall survival. (The Roswell Park Registry is linked to the New York State Tumor Registry.) Patients lost to follow-up were censored after the date of last contact. Metastatic disease and diagnosis date, death and cause of death (CaP-specific or other) were extracted from medical records. The mean and median RPCI clinic follow-up for this cohort were 4.4 and 3.6 years, respectively, with range 0-20.8 years. The mean and median survival follow-up (which made use of outside correspondence) were 5.9 and 4.9 years, respectively, with a range 0-20.7 years.
A time-dependent response to tobacco use was expected based on the results of earlier studies [4, 5] . To address this, smoking status was classified as never, former, or current. Those classified as "never smokers" reported having smoked less than 1 pack year or having smoked for less than 1 year. "Former smokers" had smoked ≥1 year, but had quit ≥6 months before RP. (Five smokers with extremely low levels of smoking were reclassified as never smokers.) "Current smokers" had smoked ≥1 year, but either continued smoking or had quit <6 months before RP. Fifty-seven (3%) patients with unknown smoking status or missing prognostic factors were excluded from analysis.
Pack years smoked was available for approximately 70% (684 of 973) of the former and current smokers. In a secondary analysis, these pack year data were used to further classify former and current smokers into "light" and "heavy" categories based on whether pack years were less than or more than the median of 25 pack years. "Light former smokers" had ≤25 pack years smoked, and "heavy former smokers" had >25 pack years smoked. The "light" and "heavy" classifications for current smokers used the same definitions.
Patient outcomes were defined by five oncological measures: (1) NCCN-defined biochemical failure [6] (biochemical failure defined as either persistent disease-failure of PSA to fall to undetectable levels after RP-or biochemical recurrence-undetectable PSA after RP, followed by a detectable PSA increasing on 2 or more determinations); (2) treatment failure, defined either as biochemical failure or treatment using radiation or androgen deprivation after RP; (3) distant metastasis (confirmed by either biopsy or radiology); (4) CaP-specific mortality; and (5) overall mortality, defined as death from any cause, including unknown causes.
Statistics
Statistical analyses were conducted using Stata 11. Prognostic factors were tested for association with smoking status using the chi-square test for independence for categorical variables or the Mann-Whitney U test or Kruskall-Wallis ANOVA for continuous variables. Cox proportional hazards models at 3, 5, and 10 years, and for the entire period of observation, were used to determine whether the occurrence of these five outcomes (NCCN biochemical failure [6] , treatment failure, distant metastasis, disease-specific mortality, and overall mortality) in current smokers differed from those of former or never smokers. Differences between current smokers compared to former and never smokers together were also considered. All analyses were adjusted for characteristics known to be associated with CaP aggressiveness: pathologic Gleason sum, diagnostic PSA, surgical margin status, lymph node status, and pre-RP risk recurrence category, as well as parameters shown to be significantly different among the smoking groups in this study: BMI, race, and age.
Results
Most members of the cohort were overweight (45%) or obese (37%) (as defined by BMI >25 or >30, respectively), self-identified as Caucasian American (90%), and had a low (36%) or intermediate (45%) NCCN recurrence risk, based on biopsy and PSA characteristics [6] . Most patients had diagnostic PSA values between 4 and 10 ng/mL (67%). Few patients (8%) received NADT, and most had favorable pathologic characteristics: pathologic Gleason sum <7 (31%) or 3 + 4 (42%), ≤T2c pathologic tumor stage (66%), negative surgical margins (74%), and negative lymph nodes (95%). Never smokers comprised 49% of the cohort, former smokers accounted for 35%. Current smokers represented 15% of patients. Smoking status was unknown in 57 (3%) patients; these patients were excluded from analysis. Pack years was known for 684 (70%) of the 973 former or current smokers (overall data not shown). Table 1 shows the association of smoking status with prognostic factors. Current smokers were younger, less obese, and more likely to be African American than never or former smokers. The diagnostic PSA values of current smokers were significantly higher than those of never or former smokers. Current smokers were more likely to have positive surgical margins, and were more likely to have positive lymph nodes at RP. The unadjusted overall mortality rate for current smokers was 13.2% compared to 8.7% for former smokers and 4.5% for never smokers (P < 0.001). Table 2 shows the associations of likely control variables with mortality. The associations of race, diagnostic PSA, surgical margin status, and lymph node status with mortality were negligible. The pre-RP recurrence risk category was associated with a dose-response pattern of increasing risk, and the very high category with a hazard ratio of 3.43. The pathologic Gleason sum and tumor stage were associated with increased risk as well. Table 2 shows the overall hazard ratios of each of the outcome measures (biochemical failure, treatment failure, distant metastasis, disease-specific mortality, and overall mortality) by smoking status, using proportional hazards analysis for the entire period of follow-up. The results are adjusted for the factors noted in the methods, Tables 1,  2 , including age, BMI, race, pre-RP recurrence risk, diagnostic PSA, pathologic Gleason sum and tumor stage, surgical margin, and lymph node status. The mortality analysis for the entire follow-up period is upon data from 274 current smokers, 635 former smokers, and 934 never smokers, 1843 subjects in total. The associations of smoking status with biochemical failure, treatment failure, and distant metastasis for the entire follow-up period were negligible, as were the hazards analysis associations of smoking status with these outcomes at 3, 5, and 10 years after RP. Thus, the only analyses presented for outcomes at 3, 5, and 10 years are for PCa-specific mortality, nonPCa mortality, and total mortality: these mortality analyses, as Table 3 shows, are based, respectively, on total sample sizes of 189 + 482 + 628 + = 1299; 147 + 375 + 430 = 952; and 80 + 177 + 163 = 420 subjects. These percentages amount to 70%, 52%, and 23% of total subjects. Current smokers had a significantly higher hazards ratio for overall mortality than former and never smokers, and the hazards ratios comparing never smokers to former and never smokers combined were statistically significant. Figure 1 is based on proportional mortality hazards analysis, comparing never smokers to four smoking categories: current light smokers, current heavy smokers, former light smokers, and former heavy smokers. Heavy smokers are those with more than 25 pack years; light smokers are those with 25 or fewer pack years. The hazards analyses for the 3-, 5-, and 10-year follow-up periods are based on subjects with complete data for each period. The analysis for the entire follow-up period has subjects lost to follow-up censored at the time they were lost to follow-up. The "light" and "heavy" classifications for former and current smokers are based on the pack years smoked: heavy smokers smoked more than the median pack years and light smokers smoked fewer. It can be seen that the proportional hazards ratios tend to be highest for current heavy smokers, although the differences between this category and other categories of smoker are not statistically significant. The proportional hazards for the 10-year follow-up period tend for current smokers to be lower than those for shorter periods; this is likely due to the fact that many of the current smokers quit smoking during the extended follow-up period. Also, although the point estimates of the proportional hazards associated with smoking status are statistically significant only for heavy current smokers, and for all smokers combined, all these point estimates are positive. Because pack years could be closely correlated with age, we reran the analyses, dropping age as a control variable; it made no difference to the findings.
Discussion
Given the well-known impact of smoking upon overall life expectancy, the substantial association of smoking with survival of CaP patients after RP is not surprising. Nonetheless, it is worth noting and emphasizing that smoking among patients with prostatectomy-treated CaP puts them at statistically significant, increased overall mortality risk: greater risk at 3, 5, 10 years, and longer periods of time. CaP patients with operable disease deserve to be informed that they are several times more likely to die of other causes than of CaP and that smoking at diagnosis is associated with a statistically and substantively significant increase in immediate and long-term mortality risk.
The association of smoking with increased overall mortality in these patients with operable CaP does not appear to be mediated by CaP-specific outcomes-biochemical failure, treatment failure, distant metastasis, or diseasespecific mortality. Overall mortality showed a significantly higher overall hazards ratio and 3-, 5-, and 10-year hazards ratios for current smokers compared to former smokers or never smokers. When pack years smoked was used to further classify former and current smokers as either light or heavy in terms of exposure, overall mortality showed a significantly higher hazards ratio and 3-, 5-, and 10-year odds ratios for heavy current smokers compared to never smokers. Although current smokers had a higher diagnostic PSA, and were more likely to have lymph node metastases and positive surgical margins, smoking was unrelated to treatment failure, presence of distant metastasis, or disease-specific mortality in any analysis with these factors taken into account. However, the power to detect differences for this sample of patients was limited. Overall mortality for CaP patients who undergo RP is not heavily dependent on CaP-specific outcomes; among these patients, only 13 of the 74 patients who died within 10 years died of CaP. Similarly, Kenfield's analysis (11) of prostate cancer outcomes revealed that only 524 of 1630 patients died of CaP, while over 1100 died of other causes.
It would have been valuable to evaluate years since smoking cessation: unfortunately, separating former smokers according to the years since smoking complicated the analysis and lessened statistical precision. We experimented with interaction terms representing the combined association of pack years and years since smoking; the findings did not change substantively.
A small number of studies have suggested that smoking increases risk of CaP aggressiveness [3, 7, 8] . The results of this analysis for patients with operable disease showed smoking to be weakly or negligibly associated with aggressiveness, but strongly associated with overall mortality. Since the implementation of PSA testing for early detection of CaP, many patients diagnosed with CaP die of other comorbidities-typically cardiovascular disease [9, 10] . Bittner et al. [2] . determined that the leading cause of death for CaP patients treated with brachytherapy was cardiovascular disease. Kenfield et al. [11] . showed significantly increased age and multivariate-adjusted CaP mortality in current smokers, and a significantly higher hazard of overall mortality, independent of covariates used, for former and current smokers.
Of the previous studies that examined the association between smoking and CaP recurrence after primary treatment (including RP [12] [13] [14] , external beam radiation [15, 16] , or brachytherapy [17] ), all but one study [17] found evidence for increased aggressiveness of CaP associated with smoking history. Whether they adequately addressed confounding in these aggressiveness analyses can be argued. Three of these studies [12, 15, 16] examined mortality and metastasis outcomes separately; they all reported a significantly higher hazard of overall mortality for smokers. None found statistically significant alteration of risk for CaP-specific mortality, although this may be due to a small number of events. The conclusions of these studies were inconsistent regarding the association of smoking with metastasis. Moriera et al. [12] . found that current smokers had a significantly higher hazard of metastasis than never or former smokers; however, the small number of patients with metastasis (26 [1.31%]) resulted in a large confidence interval (HR: 2.51, 95% CI: 1.03-6.11). Pantarotto et al. [15] . found that smokers were not significantly more likely to have local failure or biochemical failure after external beam radiation therapy, but that smokers were significantly more likely to experience distant failure. Pickles et al. [16] . found smoking to be associated with increased risk of metastasis after external beam radiation therapy, but rates were very low. While all studies showed an elevated hazard of mortality among smokers, the conflicting results for metastatic disease highlight the controversy surrounding smoking and CaP aggressiveness.
The limitations of this study include that smoking history was collected at the time of RP and not followed for changes. This inability to document smoking subsequent to diagnosis and treatment in all likelihood has resulted in an underestimate of the impact of smoking at diagnosis. Joshu et al. [14] . found that although no former or never smokers began smoking at 1 year after RP, 46% of patients who were smokers 5 years before RP had quit by 1 year after RP. Thus, some of the patients categorized as current smokers at RP quit during follow-up. Some patients categorized as never or former smokers may have misrepresented their smoking status, when smoking history was collected after CaP diagnosis. This study was not designed to adjust for exposure to second-hand smoke or puffing patterns, both of which can affect total tobacco exposure. Similar to earlier studies, the low number of patients with distant metastasis (72 [4%]) and CaP-specific mortality (21 [1%]) limits the ability to determine the association of risk with these outcomes. These patients, all with operable disease, were treated at a single institution, and who all underwent RP, represent a relatively homogeneous group. Homogeneity is probably a strength of this study, while heterogeneity makes it more difficult to adjust for the mélange of factors that might affect outcome. In Kenfield et al. [11] , for example, smokers were more likely than never smokers or those who had quit 10 or more years prior to diagnosis to be diagnosed with advanced disease, with higher Gleason grade, to be treated with hormones or watchful waiting, to have an elevated PSA at diagnosis; they were less likely to be treated by prostatectomy and less likely to have been diagnosed by PSA. Inability to precisely measure such confounders increases the likelihood of residual confounding [18, 19] . The homogeneity of this study is an advantage, speaking to the diminished likelihood of confounding due to the stage or grade of disease, hospital treatment patterns, or access. Other confounders, though, are clearly possible. In addition, these results might not describe the dynamics and effects of smoking among other populations of CaP patients.
Any therapeutic factor associated with a greater than twofold alteration of mortality risk-as smoking at CaP diagnosis is-deserves attention. Although oncology practitioners almost universally acknowledge that smoking among cancer patients diminishes their chance for surviving their disease, too few expend more than minimal effort in encouraging smoking cessation [20] . The finding of this study-smoking is associated with substantially increased overall mortality among CaP patients treated with RP-supports the importance of physician recommendation and/or implementation of smoking cessation programs by physicians who treat CaP patients.
Conclusions
This study confirms that smoking is strongly associated with overall mortality among CaP patients with operable disease, who can expect to live for several years after RP. The association of smoking with overall mortality risk is comparable to or stronger than its association with CaP progression, whether defined by biochemical failure, treatment failure, or development of metastatic disease. This finding and similar findings in the literature mandate the need for recommendations and/or implementation of smoking cessation programs by physicians who treat CaP patients and greater use of existing programs by CaP patients.
